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rtiH  report  presents  an  analysis  of  the  spectral  transmission  chiracteris- 
tics  from  J60  to  1080  Tim  spectral  range  of  sixteeh  Amy  aircraft  windscreen 
Sflwples.  Those  samples  were  from  six  fixed  wing  and  seven  rotary  wing  air- 
. craft  windscreens.  We  have  found  that  the  spectral  transmittance  varies  from 
sair^le  to  '.amnle  In  the  visible  portion  of  the  speettum  (i.e.,  360-700  nm)  and 
r malns  quite  flat  for  all  the  samples  across  the  near  Infrared  portion  of  the 
^spectna;--  (i.e.,  700  - 1080  rm).  The  tinted  sample  1r  AH-1  Hueycobra  has  about 
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I 27X  reduction  from  that  af  the  clear  one  across  the  visible  spectrum.  This 
I reduction  could  constitute  a dangerous  loss  of  visibility  fot  the  aviator 
’ during  periods  of  reduced  llluminetlon  and  at  night.  Furthermore,  the  variance 
) from  a flat  spectral  transmission  would  result  in  distorted  color  perception  by 
I the  aviator  viewing  through  the  tinted  windscreen.  ,(n  short,  the  reference 
data  enable  potential  users  of  electro-optical  devices  such  as  night  vision 
goggles  to  compute  the  light  stimulus  presented  to  the  aviator  after  trans- 
mission through  a transparency. 


! 

i 


( 

1 


) 


n 


UNCtASS'  

MCU*1TV  r»tl« 


SUMKARY 


'v 

This  report  presents  an  analysis  of  the  spectral  transmission 
characteristics  from  360  to  1080  nm  spectral  range  of  sixteen  Army 
aircraft  windscreen  samples.  Those  samples  were  from  six  fixed  wing  and 
seven  rotary  wing  aircraft  windscreens.  We  have  found  that  the  spectral 

X 

transmittance  varies  from  sample  to  sample^ in  the  visible  portion  of  the 
spectrum  (i.e.,  360-700  nm)  and  remains  quite  flat  for  all  the  samples 
across  the  near  infrared  portion  of  the  spectrum  (i.e.,  700  - 1080  nm). 
The  tinted  sample  in  AH-1  Hueycobra  has  about  Zl%  reduction  from  that  of 
the  clear  one  across  the  visible  spectrum.  This  reduction  could  con- 
stitute a dangerxius  loss  of  visibility  for  the  aviator  during  periods  of 
reduced  illumination  and  at  night,  Furthernwre,  the  variance  froo>  a 
flat  pectral  transmission  would  result  in  distorted  color  perception  by 
the  aviator  viewing  through  the  tinted  windscreen.  In  short,  the 
reference  data  enable  potential  users  of  electro-optical  devices  such 
night  vision  goggles  to  compute  the  light  stimulus  presented  to  the 
aviator  after  transmission  through  a transparency. 


INTJiODUCTION 

The  increasing  application  of  elsctro-optical  devices  such  as  night 
vision  goggles  as  aids  in  night  flight'^^tirrng  profnp^tTy' demands  a 
prerequisite  evaluation  of  the  optical  qiljality  and  the  visual  detection 
thresholds  of  those  devices  when  they  afre  viemd-  through  the  aircraft 
windscreen.  , As  a consequence,  it  is  Important  to  investigate  the 
spectral  transmission  characteristics  of  aircraft  windscreens  in  current 
Anny  inventory.  The  data  enable  potential  users  of  electro-optical 
devices  to  compute  the  amount  of  available  visible  as  well  as  near 
infrared  radiation  energy  being  transmitted  through  the  windscreens  to 
the  image  intensifler  tube. 

Over  the  last  few  months,  we  nave  measured  windscreen  spectral 
transmittances  from  4C0  to  800  nin***  and  from  700  to  1100  nm’***.  This 
report  presents  a list  of  windscreen  spectral  transmittances  of  six 
fixed  wing  and  seven  rotary  wing  Arniy  aircraft  which  is  not  available 
elsewhere  In  the  literature. 

METHODOLOGY 

a.  Samples: 

(!)  The  Fixed  Wing  Aircraft  (total  seven  samples). 

(a)  0-1  (Bird  Dog)  - A two-pUce  Hal  son/ observation  aircraft 
manufactut'ed  by  Cessna  Aircraft  Co.,  Wichita,  Kansas. 

(b)  UV-1  (Moitawk)  - A two-place  observatlon/surveillanee  airplane 
made  ^ Gruaan  Aircraft  Engineering  Co.,  Bethpage,  Long  Island,  N.Y. 

(e)  U6  (Beaver)  - A six-place  utility  aircraft  by  de  Mavilland 
Aircraft  of  Canada,  ltd..  Oownsvi^*,  Ontario. 

(d)  T-41  • A four-place,  single  engine  trainer  by  Cessna  Aircraft 
Co.,  Witenita,  Kansas  (forwed  edge  sample). 

(e)  1->1  (flat/unfomed  edge  sample). 

(f)  T-4l>  - A four-place  instrument/transition  trainer  by  Beecb 
Aircraft  Corp.,  Wichita,  Kansas. 

(2)  The  Rotary  Wing  Aircraft  (total  eight  samples). 

(a)  YH-13  (^ioux)  - A three-place  observation/training  helicopter 
(OH-13  T Model)  taade  by  Bell  Helicopter  Co.,  Fort  Worth,  Texas. 
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(b)  TH-55/0H-6A  - TH-55  Is  a two-place  primary  trainer  helicopter 
oy  Hughes  Tool  Co.,  Aircraft  Div.,  Culver  City,  CA.  0H-€A  (Cajfuse)  is  a 
four-place  light  observation  helicopter  also  sjanufactured  by  Highes  Tool 
Co. 


(c)  OH-58  (Kiowa)  - A four-seated  observation  helicopter  by  Bell 
Helicopter  Co.,  Fort  Worth,  Texas. 

(d)  CH-47  (Chinook)  - A medium  transport  helicopter  by  Boeing 
Vertol  Division,  Norton,  PA. 

(e)  CH-54  (Tarhe)  - A heavy  lift  cargo  helicopter  by  Sikorsky 
Aircraft  Division,  Stratford,  Conn.  (The  same  windscreen  material  is 
also  used  in  CH-34  [Choctaw]  and  CH-37  [Mojave]  helicopters  manufactured 
also  by  Sikorsky  Aircraft  Division.) 

(f)  lAi-1  (Iroquois  [nickname  Huey])  - A nine-place  utility  heli- 
copter by  Bell  Helicopter  Co.,  Fort  Worth,  Texas. 

(g)  AM-IG  (Hueycobra)  - A two-place  armed  helicopter  by  Bell  Heli- 
copter (the  sample  is  a clear  transparent  color). 

(h)  AH- 16  (tinted  sample). 

All  the  sample  diwmsions  are  2 X 2 irvchos  except  the  one  for  CH-47  is 

3X3  inches. 

b.  Apparatus  ■*  The  light  source  was  a Macbeth  daylight  lamp  with  a 
75  watt  Wistilfigliouse  tungsten  lig,ht  bulb.  The  data  acquisition  unit  was 
the  Tektronix  itSS  (rapid  scan  spectrometer)  and  OPO  (digital  processing 
oscilloscope)  with  minicoaputer  11/05  and  its  accesso!*i@s.  The 
digital  processing  oscilloscope  contains  a signal  acgyisltion  unit,  a 
display  unit  and  a processor.  The  processor  which  has  the  ability  to 
dig1ti20  an  acquired  wavoforwi  provides  an  interface  with  a minicomputer. 
The  rapid  scan  spectrometer  is  capable  of  scanning  the  opt^al  spectrum 
from  300  nw  (ultraviolet)  to  1100  nm  (near  infrared).  The  spectrufteter 
uses  a Czemy-Tumer  grating  eonochromator  without  an  exit  slit.  The 
spectral  output  of  the  eonochrceator  is  *^CK;used  onto  the  target  of  a 
vidkon  tube  where  the  spec  true  is  stored  as  an  electrical  charge  image. 
An  electron  beam  periodically  scans  across  the  vidkon  target  converting 
the  charge  image  into  an  electronic  signal  that  is  in  turn  proc^^ssed  by 
the  plug-in  unit  ir,  the  digital  processing  oscilloscope.  The  entire 
optical  coopuUtion  caut  be  achieved  by  the  software  prograjsming. 

P^adu'e  and  ^siqn  - The  execution  steps  were;  (1)  obtain 
energy  power  spf/ctn« IwftJiOuf  sample  through  RSS  and  store  in  OPC- 
fwasory  l<»catior  B;  (2)  obtain  energy  power  spectrum  transmitted  ths*ough 
a sample  and  store  in  location  C;  (3)  obtain  energy  power  spectrum  of 
ambient  (backaround)  light  and  store  In  location  0;  (4)  subtract  B and  C 


from  D and  divide  C by  B and  store  In  location  A.  The  computer  program 
which  was  presented  In  a previous  report®  was  used  to  execute  the  above 
stops  automatically  by  pushing  DPO  control  panel  button  #1  or  typing 
*®)T0  100"  on  t})6  teletype* 

RESULTS 

Figures  1 to  15  show  the  spectral  transmittance  (ST)  of  sans>les  1 
to  15  respectively.  Since  the  w1ndsc»’een  materials  are  anisotropic 
medlar  the  ST  Is  In  general  a function  of  the  sample  thickness.  For 
exai^le,  the  average  transmittance  for  6 nin  thick  l^-l  sample  Is  90%  and 
for  U tan  Is  74%,  The  average  transmittance  for  6.82  mm  thick  U80 
sample  Is  80%  and  for  13.64  ran  Is  about  58%.  The  thickness  of  each 
smsple  is  shown  In  Table  1.  Also  for  the  purpose  of  comparison,  m 
placed  the  T-41  formed  sample  and  the  unformed  sai^le  on  the  same  page 
as  well  as  the  Afi-16  clear  san^jle  and  the  tinted  sample, 

DISCUSSION 

S^ctral  transmittance  (STl  varies  from  sample  to  sample.  In 
general,  the  ST  for  clear  windscreen  saiTiples  is  flatly  distributed 
across  the  spectrum.  Since  sample  4,  5,  6,  and  15  are  colored,  their 
spectral  transmission  characteristics  do  not  uniformly  dUtribute  across 
the  spectrum.  For  exc.'Tile,  in  the  visible  range  of  the  U90/U8F  sample, 
the  ST  is  about  90%  at  ^ nm  and  about  80%  at  650  obk  In  the  T-41 
formed  s«apl«,  the  ST  Is  about  80%  at  540  m and  only  about  60%  at  620 
Ml.  The  simitar  situation  appears  for  the  tinted  Wi«l  sample  which  has 
only  about  SS%  ST  at  €00  nm. 

On  the  other  hand,  the  STs  for  all  the  samples  In  the  near  IR  range 
(from  700  to  1080  i«)  possess  the  fcj'lowini  general  characteristics:  (1) 
thi$y  are  relative  flat  throughout  this  spectral  rangej  and  (2)  the 
aveteige  transmittance  is  from  85%  to  92%.  Me  employed  the  Beckman  Hodel 
24  spectrophotometer  («»ade  by  Beckman  Instrunent  Inc.,  Fullerton,  CA 
91^34)  to  obtain  the  laeasureaent  below  400  nm  and  we  also  verified  sosue 
of  the  data  by  this  method.  Me  notice  that  the  rate  of  decreraent  in  ST 
at  the  loiisr  end  of  the  spectrum  varies  from  sample  to  sample.  For 
example,  at  360  nm,  T-42  sample  is  about  55%  while  TM-13  sample  is  0%. 

In  general,  beltw  350  no  most  windscreen  samples  do  not  transmit  any 
light  at  all. 

In  conclusion,  we  have  investigated  spectral  transmission  char- 
acteristics of  stnteen  Ai'my  aircraft  windscreen  samples.  They  <<®re  from 
six  fixed  wing  and  seven  rotary  wing  aircraft  windscreens.  For  co«- 
perlson  purposes,  twe  samples  from  the  same  aircraft  (that  is  T-41 
fotmed  edge  and  wifonaed  edge)  were  tested.  Me  also  weasured  the 
spectral  transml ttances  of  clear  and  tinted  AH-16  Hueycobra  windscreen 
samples.  Me  have  found  that  the  tinted  sasple  has  about  27*  ST  reduc- 
tion from  that  of  the  clear  sample  across  the  visible  spectrum.  This 


reduction  of  ST  could  constitute  a dangerous  loss  of  visibility  for  the 
aviator,  especially  during  periods  of  reduced  illumination  and  at  night. 
Furthenaore,  the  variance  from  a flat  spectral  transmission  would  result 
in  distorted  color  perception  by  the  aviator  viewing  through  the  tinted 
windscreen.  Detailed  review  and  discussion  on  the  visual  perceptual 
effect  of  the  tinted  windscreen  have  been  available  elsewhere®.  Finally, 
we  would  like  to  point  out  that  CH-54  windscreen  material  Is  the  same  as 
that  of  the  one  used  In  CH-34  and  CH-37.  Thus  our  study  has  covered 
taost  of  the  current  Amy  aircraft  inventory.  Further  study  will  be 
conducted  on  the  windscreens  of  future  generation  aircraft  such  at  UTTJIS 
and  AAH  when  those  samples  are  made  available  to  us. 
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Ik-'Sll  1 - SAMPLE  THICKNESS 


Fixed  Ming  Samples  ] 

(a)  0-1  (Bird  Dog) 

(b)  OV-1  (Hol)£Mk) 

(c)  U6  (de  HavlTland) 

(d)  U80/UBF  (Seralnole) 

(e)  T-41  Cessna  (fonwed) 

-(f)  T-41  Cessna  (unfor«ed) 

(g)  T-42  Beech 


Rotfry  Hina  Saaioles 

(a)  TM-.13  (Sloox) 

(b)  TH-S5/0H-6A  0 Caywse) 

(c)  ©l-SB  (Kiowa) 

(d)  UH-1  (Iroquois' 

(e)  CM-4?  (Chlitook) 

(f)  Qi-S4  (Kv*he) 

(g)  AH-IG  (Hu^fyeobra  - clear) 
(h)  AH-IG  {Hueycobra  - tinted) 
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Flqure  2:  Spectral  Transmittance  of  OV-1  (Mohawk) 


Figure  6:  Spectra'  T rersiKi ttance  of  T-41  (Cessna)  'lat-unfomed  edge 
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Spectral  Transttrf ttance  of  TH-53/0H6A  (Cayuse) 


Transmittance  of  UH-1  (Iroquois) 


Figure  13:  Spectral  Transmittance  of  CH-54  (Tarhe) 


Figure  15:  Spectral  Transsjittance  of  AH-1G  (Hueycobra)  (tinted) 


